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ABSTRACT
We present Hα spectra of the magnetic white dwarf star WD1953−011 which con-
firm the presence of the broad Zeeman components corresponding to a field strength
∼ 500 kG found by Maxted & Marsh (1999). We also find that the line profile is
variable over a timescale of a day or less. The core of the Hα line also shows a nar-
row Zeeman triplet corresponding to a field strength of ∼ 100 kG which appears to
be almost constant in shape. These observations suggest that the magnetic field on
WD1953−011 has a complex structure and that the star has a rotational period of
hours or days which causes the observed variability of the spectra. We argue that
neither an offset dipole model nor a double-dipole model are sufficient to explain our
observations. Instead, we propose a two component model consisting of a high field re-
gion of magnetic field strength ∼ 500kG covering about 10% of the surface area of the
star superimposed on an underlying dipolar field of mean field strength ∼ 70 kG. Ra-
dial velocity measurements of the narrow Zeeman triplet show that the radial velocity
is constant to within a few km/s so this star is unlikely to be a close binary.
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1 INTRODUCTION
There are now about 60 magnetic white dwarfs known with
fields in the range of 0.1MG to 1000MG (Wickramasinghe
& Ferrario 2000). The distribution of field strength above
1MG is approximately consistent with equal numbers in
each decade of field (Schmidt & Smith 1995). Significant
progress has been made in recent years in the interpretation
of the spectra of magnetic white dwarfs and through such
studies a detailed picture is emerging on their surface field
structure. These in turn can be related, through models of
field decay and evolution, to the properties of their progen-
itors which are likely to be the magnetic Ap and Bp stars
(Angel et al. 1981).
WD1953−011 is a white dwarf star that has a variety
of aliases (G 92−40, GJ 772, EG135, LHS3501, L 997−21)
which reflects a history of observations spanning several
decades. It is one of the closest white dwarfs to the Earth
(d = 12pc; Harrington & Dahn 1980) but is quite faint
because it is rather cool (V=13.7, Teff=7932K; Bragaglia
et al. 1995). Measurements of the magnetic field strength of
WD1953−011 give a confusing picture. Schmidt & Smith
(1995) used circular spectropolarimetry to measure a mean
longitudinal field strength of −15.1 ± 6.6 kG. Koester et al.
(1998) observed the core of the Hα line at high resolu-
tion and found that the spectrum shows a narrow Zeeman
triplet corresponding to a mean surface field strength of
93 ± 5 kG. Maxted & Marsh (1999) obtained a single spec-
trum of WD1953−011 with lower resolution but with better
wavelength coverage which showed broad depressions in the
wings of the Hα line which, if they are interpreted as be-
ing Zeeman components, correspond to a mean surface field
strength of ∼ 0.5MG. It is clear that WD1953−011 is a
magnetic white dwarf star but these observations suggest
that its magnetic field is unlikely to have a simple structure.
In this letter, we present a series of spectra of
WD1953−011 which confirm the presence of the broad Zee-
man components of Hα observed by Maxted & Marsh (1999)
and which show that the strength of these broad features is
variable. We argue that simple dipole models of the mag-
netic field are not able to explain these features but present
a preliminary model of the field structure in which the broad
Zeeman features are due to a “magnetic spot” on the surface
of the star.
2 OBSERVATIONS
We observed WD1953−011 on the nights 1999 August 1 – 3
with the Anglo-Australian Telescope at Siding Spring Obser-
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Table 1. A log of our observation of WD1953−011. Texp is the
exposure time in seconds, UT is the time of mid-exposure , RV is
the radial velocity of the narrow Zeeman triplet in km/s and δλ
in the splitting between the σ+ and σ− components of the narrow
Zeeman triplet in km/s.
N Texp Date UT RV δλ
1 600 16 Aug 1997 10:55:40 59.4 ± 3.4 91 ± 5
2 600 01 Aug 1999 10:45:10 59.9 ± 3.5 93 ± 4
3 600 01 Aug 1999 10:55:30 61.5 ± 2.8 108 ± 4
4 600 01 Aug 1999 11:05:52 58.5 ± 2.8 93 ± 4
5 1800 01 Aug 1999 13:25:27 59.6 ± 1.5 93 ± 2
6 1800 02 Aug 1999 10:58:18 60.1 ± 1.0 83 ± 1
7 1800 02 Aug 1999 13:35:14 60.7 ± 1.2 80 ± 2
8 1800 02 Aug 1999 14:32:41 58.5 ± 1.1 83 ± 1
9 1200 03 Aug 1999 10:39:03 59.5 ± 2.2 92 ± 3
10 1200 03 Aug 1999 11:00:02 56.6 ± 1.8 87 ± 2
11 1200 03 Aug 1999 11:21:15 58.4 ± 1.7 84 ± 2
12 1200 03 Aug 1999 11:42:21 58.5 ± 1.7 84 ± 2
13 1200 03 Aug 1999 12:03:39 60.8 ± 1.8 83 ± 2
vatory, Australia. The instrument and data reduction pro-
cess are identical to those described in Maxted & Marsh
(1999) with the exception of the detector, which gave slightly
better sampling of the spectra in the 1999 spectra. We ob-
tained 12 spectra of WD1953−011 around the Hα line with
a resolution of 0.74A˚. Details of these spectra and the orig-
inal spectrum of Maxted & Marsh are given in Table 1.
The numbers assigned to the spectra therein will be used
throughout this paper when we need to refer to individual
spectra.
3 ANALYSIS
3.1 General appearance.
All the spectra are shown in Fig. 1 following normalization
using a linear fit to the continuum either side of the Hα
line. The narrow Zeeman triplet in the core of the Hα line
observed by Koester et al. (1998) is seen in most spectra.
It is clear that the spectrum is variable particularly with
regard to the overall depth of the Hα line and the strength
of the broad features at 6554A˚ and 6576A˚. There is also
some indication that the splitting of the narrow Zeeman
components varies by about 10% (see section 3.2). No period
can be assigned to the variability from our data, but the
timescale of the variations is hours or days.
3.2 Radial velocity.
We first suspected that the presence of two distinct magnetic
fields might be explained by WD1953−011 being a binary
star so we measured the radial velocities given in Table 1
from the narrow Zeeman triplet in the core of Hα using a
least-squares fit of model profile formed from several Gaus-
sian profiles. The radial velocity is constant to within a few
km/s. A more careful analysis shows that we would have
detected over 90% of binaries with an orbital period shorter
than 20d. The mean radial velocity is 59.7±0.2 km/s, which
is typical for white dwarfs. The splitting between the σ+ and
σ− components in the narrow Zeeman triplet was included
as a variable in the fit and is also given in Table 1. It is
Figure 1. Spectra of WD1953−011. The spectra are offset ver-
tically for clarity and are plotted in a temporal sequence from
bottom (earliest) to top (latest).
clear that the splitting is variable by about 10%, though no
period can be identified from these data.
4 THE STRUCTURE OF THE MAGNETIC
FIELD.
While the radial velocity measurements are not conclusive
concerning binarity, the observational constraint, namely
that the satellite features corresponding to the high field
component are only present at some phases, strongly sup-
ports a single star interpretation.
The Zeeman spectra of most white dwarfs can be mod-
elled by a centered or off-centered dipole field distribution so
we begin by investigating if such a model can be constructed
to explain the spectra of WD1953−011.
The splitting between the mean σ+ and σ− components
in the narrow Zeeman triplet corresponds to δλ = 1.9A˚. The
spectra can be modelled in the standard way (see Martin
& Wickramasinghe 1979), but since Stark broadening dom-
inates over Zeeman splitting at low fields, the model fits
are not very sensitive to the field geometry. If we assume
a centered dipole field distribution, those spectra where the
triplet is clearly seen (6 – 13) can be modelled with a dipo-
lar field strength Bd = 100 kG (corresponding to an aver-
age surface field strength of 70 kG) and a viewing angle
i = 50◦ ± 20◦ measured from the dipole axis.
If we identify the weak satellite features seen in spectra
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Figure 2. A possible two-component model for WD 1953−011
covering a whole spin cycle. The model corresponds to a centred
dipolar field with Bd = 100 kG and a spot with a field of 490 ±
60 kG covering 10% of the stellar surface. The two sets of data
overlapped to the models correspond to spectrum 1 (bottom) and
spectrum 6 (top) of the time series shown in Figure 1.
1 – 5 at 6554A˚ and 6576A˚ with the σ components of Hα the
measured separation between these components δλ = 20A˚
implies a mean field strength of Bhigh ≈ 500 kG, about 8
times higher than the field strength deduced from the narrow
Zeeman triplet. The centered dipole model that was used
to model the low field Zeeman triplet cannot be used to
model the higher field σ components simply by changing the
viewing aspect because a centered dipole model only allows
a field spread of a factor 2, which is much lower than that
observed.
A larger field spread can be obtained quite simply by
offsetting the dipole from the centre of the star. In this case
the field strengths Bp1 and Bp2 at the opposite poles are
given by
Bp1
Bp2
=
(
1− d
1 + d
)3
where the dipole is displaced by a fraction d of the stellar
radius in the direction of the dipole axis.
In the extreme case where the low field and the high
field phases correspond to direct viewing of the opposite
poles and the maximum field contrast is provided, the ob-
servations indicate d ≈ 0.35. If we relax this assumption,
even higher values of d would be required to achieve the ob-
served field contrast. However, attempts at such a model fit
show that although the weaker field Zeeman triplet is well
fitted at the phase when the weaker pole is viewed most
directly, at the opposite phase, when the stronger pole is
viewed most directly, the broadening due to field spread is
far too severe to match the widths of the high field σ compo-
nents. This is a property of all offset models - the hemisphere
with the weaker pole has a more uniform field distribution
than the other hemisphere, and the contrast becomes ex-
treme for highly offset dipoles (Martin & Wickramasinghe
1984). We must therefore conclude that global field struc-
tures of the offset dipole type cannot model the observations
of WD1953−011. Nor it is possible to construct a double-
dipole model (a strongly offset dipole superimposed on a
centred dipole) similar to that proposed for PG 1031+254
(Schmidt et al. 1986; Latter et al. 1987).
It is a remarkable observational fact that even at the
phases where the high field components are seen, the low
field Zeeman triplet appears to be present determining the
width of the line core. Furthermore, whenever the high field
component is seen, it appears to occur at almost the same
wavelength corresponding essentially to one field strength.
The most likely explanation is that there is a nearly uniform
region of enhanced field strength which comes into view only
at certain rotational phases, but that we are seeing contri-
butions from the low field region at all phases.
We have constructed such a model, and confirmed that
it is indeed possible to fit the data at both the high and
low field phases rather well. The model consists of two com-
ponents: a high field region with a nearly uniform field of
strength 490±60 kG covering 10% of the surface area of the
star, and a second lower field component which is modelled
by a centered dipolar field distribution with Bd = 100 kG.
The viewing geometry is such that the spot is visible for
approximately half of the spin cycle. Since we do not have a
complete spin cycle, the phasing and the relative importance
of the two components are not strongly constrained and the
model shown in Figure 2 cannot be claimed to be unique.
However, it encompasses the basic characteristics that are
required to fit the observations.
Any plausible model for the field structure must sat-
isfy the important constraint that the total magnetic flux
over the surface of the star must be zero. The double-dipole
models clearly satisfy this constrain, but they do not fit
the data. For the high field region with a nearly uniform
field, the zero flux condition could imply a magnetic spot
type field enhancement (that is, a closed magnetic loop),
but this appears unlikely, since there is no evidence for late-
type star magnetic activity in white dwarfs. A more likely
explanation is that the nearly uniform field region that we
appear to require is in fact a part of a global field structure
which diverges from that of either a centred or an off-centred
dipole or a combination of both and that the zero magnetic
flux condition is satisfied in a global sense over the entire
star. We expect that when phase-resolved spectropolarimet-
ric data become available over a full rotational cycle, a fit to
the data using a multi-polar expansion would yield a field
structure of the type mentioned above.
5 DISCUSSION AND CONCLUSIONS
Studies of the variable spectra in rotating magnetic white
dwarfs have posed two questions, namely (i) the origin of
the rapid rotation, and (ii) the apparently peculiar magnetic
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field structures. Rapid rotation in a magnetic white dwarf
may be the result either of spin-up in a binary or of a binary
merger. Thus, systems like Feige 7 (Achilleos et al. 1992) or
PG 1031+234 (Schmidt et al. 1986; Latter et al. 1987) may
be extinct AM Herculis variables with very low-mass and
hitherto undetected companions. On the other hand, the
high mass and rapid rotation deduced for RE J0317−853
(=EUVE J0317−855; Barstow et al. 1995) is strongly sug-
gestive of spin up during a merger (Ferrario et al. 1997).
The situation may indeed be similar to what is found for
neutron stars where rapid rotation in an old system is taken
as evidence of spin-up in a binary.
However, the origin and the nature of the complex field
structures seen in magnetic white dwarfs remains a mystery
(Wickramasinghe & Ferrario 2000). This question should be
viewed in the context of the growing evidence that the iso-
lated magnetic white dwarfs tend as a class also to have
a higher mass than their non-magnetic magnetic or weakly
magnetic counterparts implying a different post main se-
quence evolutionary history. Is the complexity correlated
with field strength, and how is it related to the mass of the
white dwarf and the nature of the progenitor star and its evo-
lution? So far, stars with non-standard field structures have
also exhibited high field strengths and almost all show rapid
rotation. However, our observations of WD1953−011 have
provided evidence of what appears to be one of the most pe-
culiar field structures in any isolated magnetic white dwarf,
but this time in a very low field object. Future observations
of WD1953−011 which would reveal the structure of the
magnetic field in more detail include further spectroscopy,
perhaps at other wavelengths, and circular spectropolarime-
try. The value of observations at far-UV wavelengths is
demonstrated by the study of RE J0317−853 (Burleigh, Jor-
dan & Schweizer 1999), an extreme magnetic white dwarf
star with a rotation period of only 725s and an effective tem-
perature of about 40,000 K. They were able to model the sur-
face distribution of the magnetic field strength using an ex-
pansion into spherical harmonics and fit their phase-resolved
spectra of the Ly-α line and the “forbidden” 1s0 → 2s0
line. The range of field strengths they measured is 180–
800MG. Circular spectropolarimetry of RE J0317−853 (Fer-
rario et al. 1997; Jordan & Burleigh 1999) shows the highest
level of polarization (22 percent) measured to-date on an iso-
lated white dwarf star. RE J0317−853 is much hotter than
WD1953-011 though they are similar in their optical bright-
ness. However, the rotation period of WD1953−011 is much
longer than the 725s rotation period of RE J0317−853, so
it should be possible to study the magnetic field in greater
detail.
The progenitors of the vast majority of the magnetic
white dwarfs are likely to be the magnetic Ap and Bp
stars. The mass of WD1953−011 (0.844±0.035M⊙ ; Bra-
gaglia et al. 1995) is typical for magnetic white dwarfs (Fab-
rika & Valyavin 1999) and suggests that it is the remnant
of just such a star. A fossil origin for the fields is there-
fore likely. Some Ap stars show complicated field structures
with evidence of strong quadrupolar components and spot
type field structures (Landstreet 1980; Mestel 1999). The
simplest theories of the Ohmic decay of fossil fields predict
that the higher order modes decay fastest (Wendell et al.
1987). Strong quadrupolar or higher order components are
therefore not expected in the cooler stars. Recently, Mus-
limov et al. (1995) have re-investigated this problem allow-
ing for an additional effect: the Hall drift. They have shown
that through the non-linear coupling of toroidal and poloidal
modes, it is possible to have, under certain circumstances,
an enhancement of the quadrupolar component relative to
the dipolar component as the white dwarf cools. The field
structure in WD1953−011 would appear to suggest that ad-
ditional effects, such as Hall currents, may indeed play a roˆle
in the evolution of magnetic fields in white dwarfs.
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